SUMMARY
The addition of nitrons oxide to established anaesthesia has been reported to be associated with deleterious effects on myocardial function before coronary artery bypass graft surgery (CABG) [1] . These results are consistent with a study showing a depressant effect of nitrous oxide on myocardium supplied by stenotic coronary arteries [2] . However, the haemodynamic effects of nitrous oxide have not been well studied after myocardial reperfusion [1] . Aortic cross-clamping and unclamping during CABG expose the patient to unavoidable cardiac ischaemia-reperfusion injury with formation of free radicals [3] and nitrous oxide has been shown to enhance the production of hydroxyl radicals [4] .
The purpose of the study was to determine if nitrous oxide altered cardiac function immediately after CABG.
METHODS AND RESULTS
After approval from the Committee for Ethics in Clinical Investigation of our Institution and informed consent from each patient, we studied 20 patients (two women, 18 men; ages 51-75 yr) undergoing CABG. Preoperative antianginal therapy was maintained until the day of surgery. Patients with preoperative cardiac failure (ejection fraction less than 40%), with a low cardiac output after cardiopulmonary bypass or requiring inotropic medication were excluded.
Anaesthesia was induced and maintained with fentanyl (0.006 mg kg" 1 followed by 0.006 mg kg" . In all patients a 7-French gauge thermodilution pulmonary catheter and a radial artery catheter were inserted after induction of anaesthesia. Ventilation of the lungs was controlled using 50 % oxygen (oxygen-air) except during cardiopulmonary bypass (CPB), when 100 % oxygen was used. Cardiac arrest was induced by clamping the aorta, followed by infusion of a cardioplegic solution into the aortic root until myocardial temperature was 15 °C or less. General body temperature was reduced to 25-30 °C during cardiac arrest. To avoid air embolism in venous grafts, proximal anastomoses were performed first with partial clamping of the aorta during CPB; afterwards, distal coronary grafting was performed after cardioplegic arrest of the heart, and each venous graft was purged with either cardioplegic solution (300 ml) or, for the last distal coronary graft, by aortic unclamping. After CABG during skin closure, patients were allocated randomly to one of two groups: control group (n = 10) and nitrous oxide group (N 2 O, n = 10). Control patients received oxygen and air (FI OJ = 0.5) throughout the study. N 2 O patients received 50 % nitrous oxide in oxygen until equilibrium was achieved (Capnomac, Datex).
Systemic haemodynamic values were measured during stable ventilation with oxygen-air in both groups and after nitrous oxide had been administered for 5 min in the N S O group or 5 min after the initial measurement in the control group. Fi Oi and endtidal carbon dioxide concentration were unchanged during the study period. Each measurement period took about 10 min, and neither medication nor fluid was administered during the period of the study.
Two-way repeated measures ANOVA and Student's t test with Bonferroni's correction were used to assess differences between and within groups. A calculation of statistical power showed that the groups studied would have demonstrated a 13% change in MAP and a 15% change in CI with a power of 0.8. The two groups did not differ in respect of patient characteristics or surgical procedure (aortic crossclamping time, CPB time and number of coronary arteries bypassed). The study began mean 77.0 (SEM 10.1) min and 79.5 (12.8) min after aortic clamping, in the control and N 2 O groups, respectively. During oxygen-air ventilation, the haemodynamic data were similar in both groups (table I) . After nitrous oxide, heart rate (HR), pulmonary capillary wedge pressure (PCWP) and systemic vascular resistance (SVR) were not significantly altered. Mean arterial pressure (MAP) and cardiac index (CI) decreased significantly (by 16.3% and 19%, respectively, P < 0.05 within and between groups). No patient experienced any ST-T segment changes during the study.
COMMENT
Our results suggest that moderate concentrations of nitrous oxide decreased cardiac performance during fentanyl anaesthesia after CABG. Previous reports have advocated avoidance of nitrous oxide after CABG because of an increased risk of coronary obstruction by air embolism [5] . The careful purging of grafts in our study, should have minimized, but not totally avoided, coronary air embolism. Moreover, the delay between the anastomoses and the time of the study (more than 75 min) should have allowed clearance of entrapped air from the coronary circulation.
The reduction in myocardial function in this study was marked and is in contrast with the mild depressant effect of nitrous oxide in the isolated heart (LVdP/dr^ decreases of 5 %) [6] . A decrease in cardiac index (by 19 %) whilst ventricular loading conditions and heart rate were unchanged, suggest severe myocardial depression and is similar to previous studies of fentanyl and nitrous oxide given before CABG [1] . This suggests that the depression of cardiac function by nitrous oxide was not enhanced by the presence of an ischaemiareperfusion injury. However, the use of nitrous oxide immediately after CABG is not recommended.
